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(54)  Vane  pump 

(57)  A  vane  pump  (10)  including  a  cylindrical  rotor 
(78)  rotatable  inside  of  an  oval-shaped  rotor  chamber 
(66)  defined  by  a  cam  ring  (46)  round  the  rotor.  A  thrust 
plate  (42)  and  a  pressure  plate  (44)  on  opposite  sides  of 
the  cam  ring  cover  the  rotor  chamber  (70)  and  are 
squeezed  together  by  a  pressure  force  attributable  to 
fluid  in  a  discharge  chamber  of  the  vane  pump  at  a  dis- 
charge  pressure  thereof.  Fluid  at  the  discharge  pres- 
sure  of  the  pump  is  ported  to  an  annular  first 
longitudinal  balance  chamber  (116)  between  the  pres- 
sure  plate  (44)  and  an  end  (82A)  of  the  rotor  facing  the 
pressure  plate  (44)  and  to  an  annular  second  longitudi- 
nal  balance  chamber  (118)  between  the  thrust  plate 
(42)  and  an  opposite  end  (82B)  of  the  rotor  facing  the 
thrust  plate.  A  pressure  force  on  the  pressure  plate  (44) 
attributable  to  fluid  in  the  first  balance  chamber  (116) 
balances  a  fraction  of  the  pressure  force  on  the  pres- 
sure  plate  attributable  to  fluid  in  the  discharge  chamber 
to  reduce  flexure  of  the  pressure  plate  into  the  rotor 
chamber.  A  pressure  force  on  the  rotor  attributable  to 
fluid  in  the  second  balance  chamber  (118)  is  equal  to 
the  pressure  force  on  the  rotor  attributable  to  fluid  in  the 
first  balance  chamber  (1  16)  for  longitudinal  static  equi- 
librium. 
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Description 

TECHNICAL  FIELD 

[0001  ]  This  invention  relates  to  vane  pumps. 

BACKGROUND  OF  THE  INVENTION 

[0002]  A  vane  pump  typically  includes  a  cylindrical 
rotor  rotatable  inside  of  an  oval-shaped  rotor  chamber 
defined  by  a  cam  ring  around  the  rotor.  The  cam  ring 
and  the  rotor  define  a  crescent-shaped  cavity  therebe- 
tween  which  is  divided  into  a  plurality  of  pump  cham- 
bers  by  a  corresponding  plurality  of  flat  vanes  in  radial 
vane  slots  in  the  rotor.  The  pump  chambers  expand  in 
an  inlet  sector  of  the  crescent-shaped  cavity  and  col- 
lapse  in  a  discharge  sector  of  the  crescent-shaped  cav- 
ity  as  the  rotor  rotates.  A  thrust  plate  and  a  pressure 
plate  on  opposite  sides  of  the  cam  ring  cover  the  rotor 
chamber  and  are  squeezed  together  by  a  plurality  of 
hold-down  springs  or  the  like.  Fluid  in  a  discharge 
chamber  of  the  vane  pump  at  a  discharge  pressure 
thereof  reacts  against  the  pressure  plate  to  further 
clamp  the  cam  ring  between  the  pressure  plate  and  the 
thrust  plate.  A  significant  fluid  pressure  differential 
across  the  pressure  plate  within  an  area  defined  by  the 
silhouette  of  the  rotor  chamber  induces  flexure  of  the 
pressure  plate  into  the  rotor  chamber.  A  clearance 
dimension  between  the  thrust  plate  and  the  rotor  calcu- 
lated  to  accommodate  such  flexure  exceeds  a  corre- 
sponding  clearance  dimension  calculated  only  to 
minimize  friction  between  the  thrust  plate  and  the  rotor. 
Fluid  leakage  from  the  pump  chambers  attributable  to 
the  extra  clearance  for  flexure  of  the  pressure  plate 
reduces  the  volumetric  efficiency  of  the  vane  pump. 

sure  force  on  the  pressure  plate  attributable  to  fluid  in 
the  first  balance  chamber  balances  a  fraction  of  the 
pressure  force  on  the  pressure  plate  attributable  to  fluid 
in  the  discharge  chamber  to  reduce  flexure  of  the  pres- 

5  sure  plate  into  the  rotor  chamber.  A  pressure  force  on 
the  rotor  attributable  to  fluid  in  the  second  balance 
chamber  is  equal  to  the  pressure  force  on  the  rotor 
attributable  to  fluid  in  the  first  balance  chamber  for  lon- 
gitudinal  static  equilibrium. 

10 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0004] 

15  Figure  1  is  a  longitudinal  sectional  view  of  a  vane 
pump  according  to  this  invention; 

Figure  2  is  a  sectional  view  taken  generally  along 
the  plane  indicated  by  lines  2-2  in  Figure  1  ; 

20 
Figure  3  is  a  sectional  view  taken  generally  along 

the  plane  indicated  by  lines  3-3  in  Figure  1  ; 

Figure  4  is  a  sectional  view  taken  generally  along 
25  the  plane  indicated  by  lines  4-4  in  Figure  1  ; 

Figure  5  is  a  fragmentary  perspective  view  of  a  rotor 
of  the  vane  pump  according  to  this  inven- 
tion;  and 

30 
Figure  6  is  a  fragmentary  sectional  view  taken  gen- 

erally  along  the  plane  indicated  by  lines  6- 
6  in  Figure  5. 

35  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

SUMMARY  OF  THE  INVENTION 

[0003]  This  invention  is  a  new  and  improved  vane 
pump  including  a  cylindrical  rotor  rotatable  inside  of  an 
oval-shaped  rotor  chamber  defined  by  a  cam  ring 
around  the  rotor.  The  cam  ring  and  the  rotor  define  a 
crescent-shaped  cavity  therebetween  which  is  divided 
into  a  plurality  of  pump  chambers  by  a  corresponding 
plurality  of  flat  vanes  in  radial  vane  slots  in  the  rotor.  The 
pump  chambers  expand  in  an  inlet  sector  of  the  cres- 
cent-shaped  cavity  and  collapse  in  a  discharge  sector  of 
the  crescent-shaped  cavity  as  the  rotor  rotates.  A  thrust 
plate  and  a  pressure  plate  on  opposite  sides  of  the  cam 
ring  cover  the  rotor  chamber  and  are  squeezed  together 
by  a  pressure  force  attributable  to  fluid  in  a  discharge 
chamber  of  the  vane  pump  at  a  discharge  pressure 
thereof.  Fluid  at  the  discharge  pressure  of  the  pump  is 
ported  to  an  annular  first  longitudinal  balance  chamber 
between  the  pressure  plate  and  an  end  of  the  rotor  fac- 
ing  the  pressure  plate  and  to  an  annular  second  longitu- 
dinal  balance  chamber  between  the  thrust  plate  and  an 
opposite  end  of  the  rotor  facing  the  thrust  plate.  A  pres- 

[0005]  Referring  to  Figures  1-4,  a  vane  pump  10 
according  to  this  invention  includes  a  housing  12  having 
therein  a  drive  shaft  bore  1  4  open  through  a  first  end  1  6 
of  the  housing  and  intersecting  a  flat  bottom  18  of  a 
large  counterbore  20  in  a  second  end  22  of  the  housing. 
A  control  valve  bore  24  in  the  housing  1  2  communicates 
with  the  counterbore  20  through  a  schematically  repre- 
sented  internal  passage  26  in  the  housing.  An  inlet  pas- 
sage  28  in  the  housing  communicates  with  a  reservoir 
of  fluid,  not  shown,  and  with  the  internal  passage  26 
through  an  aperture  30. 
[0006]  A  "rotating  group"  32  of  the  vane  pump  1  0  is 
captured  in  the  counterbore  20  between  the  flat  bottom 
1  8  thereof  and  a  disc-shaped  cover  34  closing  the  open 
end  of  the  counterbore.  An  annular  chamber  36  is 
defined  between  a  cylindrical  side  wall  38  of  the  coun- 
terbore  20  and  the  rotating  group.  A  seal  ring  40  sup- 
presses  fluid  leakage  between  the  housing  12  and  the 
cover  34.  The  rotating  group  32  is  stationary  relative  to 
the  pump  housing  and  includes  a  thrust  plate  42  seated 
on  the  flat  bottom  1  8  of  the  counterbore  20,  a  pressure 
plate  44,  and  a  cam  ring  46  between  the  thrust  plate 
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and  the  pressure  plate.  A  plurality  of  dowel  pins  48 
traverse  the  pressure  plate,  the  thrust  plate,  and  the 
cam  ring  and  prevent  relative  rotation  therebetween 
about  a  longitudinal  centerline  50  of  the  vane  pump. 
[0007]  The  cam  ring  46  has  a  oval-shaped  wall  52  fac- 
ing  the  longitudinal  centerline  50.  The  thrust  plate  42 
has  an  aperture  54  over  the  drive  shaft  bore  1  4  where 
the  latter  intersects  the  flat  bottom  of  the  counterbore 
and  a  planar  side  56  facing  and  bearing  against  an  end 
58  of  the  cam  ring.  The  pressure  plate  44  has  a  planar 
side  60  facing  and  bearing  against  an  end  62  of  the  cam 
ring  and  an  annular  shoulder  64  on  which  the  cover  34 
is  seated.  The  oval-shaped  wall  52  of  the  cam  ring  and 
the  planar  sides  56,60  of  the  thrust  plate  and  the  pres- 
sure  plate  cooperate  in  defining  a  generally  oval-shaped 
rotor  chamber  66,  Figure  6,  in  the  rotating  group. 
[0008]  The  cover  34  compresses  the  rotating  group 
against  the  flat  bottom  1  8  of  the  counterbore  to  seal  the 
rotor  chamber  66  against  fluid  leakage  between  the  pla- 
nar  side  56  of  the  thrust  plate  and  the  end  58  of  the  cam 
ring  and  between  the  planar  side  60  of  the  pressure 
plate  and  the  end  62  of  the  cam  ring.  A  retaining  ring  68 
prevents  dislodgment  of  the  cover  34  from  the  cylindri- 
cal  counterbore.  A  discharge  chamber  70  of  the  vane 
pump  is  defined  between  the  cover  34  and  the  pressure 
plate  and  within  the  housing  12  around  the  drive  shaft 
bore  14.  A  seal  ring  72  suppresses  fluid  leakage 
between  the  cover  and  the  pressure  plate. 
[0009]  A  drive  shaft  74  is  supported  on  the  pump 
housing  for  rotation  about  the  longitudinal  centerline  50. 
A  splined  inboard  end  of  the  drive  shaft  cooperates  with 
a  splined  bore  76  in  a  rotor  78  in  the  rotor  chamber  66 
in  coupling  the  shaft  and  rotor  for  unitary  rotation  about 
the  longitudinal  centerline  50.  An  outboard  end,  not 
shown,  of  the  drive  shaft  is  coupled  to  a  source  of 
motive  power  such  as  a  motor  of  a  motor  vehicle  when 
the  vane  pump  1  0  constitutes  a  source  of  pressurized 
fluid  for  a  steering  assist  fluid  motor  on  the  motor  vehi- 
cle. 
[0010]  The  rotor  78  has  a  cylindrical  outer  surface  80 
symmetric  with  respect  to  the  longitudinal  centerline  50 
of  the  pump  and  a  pair  of  planar  end  walls  82A.82B  in 
planes  perpendicular  to  the  longitudinal  centerline.  The 
end  walls  82A.82B  of  the  rotor  are  separated  from  the 
planar  sides  60,56  of  the  pressure  plate  and  the  thrust 
plate  by  respective  ones  of  a  pair  of  clearance  dimen- 
sions  D1,D2,  illustrated  in  exaggerated  fashion  in  Figure 
6.  The  outer  surface  80  of  the  rotor  cooperates  with  the 
oval-shaped  wall  52  of  the  cam  ring  in  defining  a  pair  of 
crescent-shaped  cavities  84A.84B,  Figure  3,  in  the  rotor 
chamber  on  opposite  sides  of  the  rotor. 
[0011]  A  plurality  of  radial  vane  slots  86  in  the  rotor 
intersect  the  cylindrical  outer  surface  80  and  each  of  the 
end  walls  82A.82B  of  the  rotor.  A  corresponding  plural- 
ity  of  flat  vanes  88  are  supported  in  respective  ones  of 
the  vane  slots  86  for  radial  reciprocation.  Each  flat  vane 
88  has  an  outboard  lateral  edge  90,  Figure  1  ,  bearing 
against  the  oval-shaped  wall  52  of  the  cam  ring  and  a 

pair  of  radial  edges  92  separated  from  respective  ones 
of  the  planar  sides  60,56  of  the  pressure  plate  and  the 
thrust  plate  by  the  clearance  dimensions  D1,D2.  The 
vanes  88  divide  the  crescent-shaped  cavities  84A.84B 

5  into  a  plurality  of  pump  chambers  93  which  expand  in 
each  of  a  pair  of  diagonally  opposite  inlet  sectors  of  the 
crescent-shaped  cavities  and  collapse  in  each  of  a  pair 
of  diagonally  opposite  discharge  sectors  of  the  cres- 
cent-shaped  cavities  in  conventional  fashion  concurrent 

10  with  rotation  of  the  rotor. 
[001  2]  The  thrust  plate  42  has  a  pair  of  diametrically 
opposite  notches  94A.94B  open  to  the  annular  chamber 
36.  The  pressure  plate  44  has  a  pair  of  diametrically 
opposite  notches  96A.96B  open  to  the  annular  chamber 

15  36.  The  notches  94A.96A  in  the  thrust  plate  and  the 
pressure  plate  are  angularly  aligned  with  the  inlet  sector 
of  the  crescent-shaped  cavity  84A  and  define  a  first  inlet 
port  of  the  vane  pump.  Similarly,  the  notches  94B.96B  in 
the  thrust  plate  and  the  pressure  plate  are  angularly 

20  aligned  with  the  inlet  sector  of  the  crescent-shaped  cav- 
ity  84B  and  define  a  second  inlet  port  of  the  vane  pump. 
[001  3]  The  thrust  plate  42  has  a  pair  of  diametrically 
opposite  shallow  grooves  98A.98B  in  the  planar  side  56 
thereof.  The  pressure  plate  44  has  a  pair  of  diametri- 

25  cally  opposite  shallow  grooves  100A.100B  in  the  planar 
side  60  thereof  The  shallow  grooves  98A.100A  in  the 
thrust  plate  and  the  pressure  plate  are  angularly  aligned 
with  the  discharge  sector  of  the  crescent-shaped  cavity 
84A.  The  shallow  grooves  98B.100B  in  the  thrust  plate 

30  and  the  pressure  plate  are  angularly  aligned  with  the 
discharge  sector  of  the  crescent-shaped  cavity  84B. 
The  shallow  grooves  100A.100B  communicate  with  the 
discharge  chamber  70  through  a  pair  of  schematically 
represented  passages  102  in  the  pressure  plate,  Figure 

35  2,  and  define  respective  ones  of  a  pair  of  discharge 
ports  of  the  vane  pump.  The  shallow  grooves  98A.98B 
in  the  thrust  plate  communicate  with  the  shallow 
grooves  100A.100B  in  the  pressure  plate  through  a  pair 
of  slots  104  molded  in  the  cam  ring.  The  discharge 

40  chamber  70  communicates  with  an  external  device  such 
as  the  aforesaid  steering  assist  fluid  motor  through  a 
discharge  passage,  not  shown,  in  the  pump  housing  12. 
[0014]  As  seen  best  in  Figures  3  and  5-6,  the  planar 
end  wall  82A  of  the  rotor  is  interrupted  by  an  annular 

45  groove  106  having  a  depth  dimension  D3  of  about  1.0 
mm  which  intersects  each  of  the  radial  vane  slots  86 
and  faces  a  groove  1  07  in  the  planar  side  60  of  the  pres- 
sure  plate  opposite  the  inboard  ends  of  the  vane  slots 
86.  Radially  outboard  of  the  annular  groove  106,  the 

so  end  wall  82A  of  the  rotor  defines  an  annular  outer  land 
108  between  the  annular  groove  and  the  cylindrical 
outer  surface  80  of  the  rotor.  The  annular  outer  land  108 
is  interrupted  by  each  of  the  radial  vane  slots  and  turns 
toward  the  longitudinal  centerline  50  on  opposite  sides 

55  of  each  vane  slot  to  define  a  plurality  of  pairs  of  radial 
lands  110  integral  with  the  outer  land.  Radially  inboard 
of  the  annular  groove  106,  the  end  wall  82A  of  the  rotor 
defines  an  annular  inner  land  112  between  the  annular 
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groove  1  06  and  the  splined  bore  76  in  the  rotor.  The  sur- 
face  area  of  the  annular  groove  1  06  between  the  outer 
land  108  and  the  inner  land  112  constitutes  a  reaction 
portion  of  the  planar  end  wall  82A  of  the  rotor  having  a 
surface  area  of  at  least  30%  of  the  surface  area  of  the 
planar  end  wall  82A. 
[001  5]  The  planar  end  wall  82B  of  the  rotor  is  inter- 
rupted  by  an  annular  groove  1  1  4,  Figure  6,  identical  to 
the  annular  groove  106  in  the  end  wall  82A  facing  a 
groove  115  in  the  planar  side  56  of  the  thrust  plate 
opposite  the  inboard  ends  of  the  vane  slots  86.  The  sur- 
face  area  of  the  annular  groove  1  1  4  between  outer  and 
inner  lands  corresponding  to  the  outer  and  inner  lands 
108,1  12  constitutes  a  reaction  portion  of  the  planar  end 
wall  82B  of  the  rotor  having  a  surface  area  of  at  least 
30%  of  the  surface  area  of  the  planar  end  wall  82B. 
[0016]  The  groove  106  cooperates  with  the  planar 
side  60  of  the  pressure  plate  in  defining  an  annular  first 
longitudinal  balance  chamber  116.  The  groove  114 
cooperates  with  the  planar  side  56  of  the  thrust  plate  in 
defining  an  annular  second  longitudinal  balance  cham- 
ber  118.  The  first  longitudinal  balance  chamber  commu- 
nicates  with  the  discharge  chamber  70  through  a 
schematically  represented  passage  1  20  in  the  pressure 
plate.  The  second  longitudinal  balance  chamber  com- 
municates  with  the  first  balance  chamber  116  through 
the  vane  slots  86  under  the  vanes  88  therein. 
[0017]  The  annular  inner  and  outer  lands  112,108 
cooperate  with  the  planar  side  60  of  the  pressure  plate 
in  defining  fluid  seals  on  opposite  sides  of  the  annular 
groove  106  even  though  separated  by  the  clearance 
dimension  Likewise,  the  inner  and  the  outer  lands 
on  opposite  sides  of  the  annular  groove  1  14  in  the  end 
wall  82B  of  the  rotor  cooperate  with  the  planar  side  56 
of  the  thrust  plate  in  defining  fluid  seals  on  opposite 
sides  of  the  annular  groove  1  1  4  even  though  separated 
from  the  planar  side  56  by  the  clearance  dimension  D2. 
The  close  fit  between  the  vanes  88  and  the  vane  slots 
86  suppresses  fluid  leakage  from  the  balance  chambers 
through  the  vane  slots.  The  outer  lands  also  separate 
the  first  and  the  second  balance  chambers  from  the 
aforesaid  inlet  and  discharge  ports  of  the  vane  pump. 
[0018]  Fluid  at  substantially  atmospheric  pressure  is 
delivered  to  the  annular  chamber  36  around  the  rotating 
group  32  through  the  inlet  passage  28,  the  aperture  30, 
and  the  internal  passage  26  in  the  pump  housing.  As 
the  drive  shaft  74  rotates  the  rotor  78,  the  expanding 
pump  chambers  93  in  the  inlet  sectors  of  the  crescent- 
shaped  cavities  84A.84B  are  filled  with  fluid  through  the 
inlet  ports  defined  by  the  notches  94A.96A  and 
94B.96B.  The  fluid  in  the  pump  chambers  is  transported 
by  the  rotor  to  the  discharge  sectors  of  the  crescent- 
shaped  cavities  and  expelled  through  the  discharge 
ports  defined  by  the  shallow  grooves  100A.100B  into 
the  discharge  chamber  70. 
[0019]  The  fluid  pressure  prevailing  in  the  discharge 
chamber  is  a  high  discharge  pressure  of  the  vane  pump. 
The  discharge  chamber  is  connected  to  the  aforesaid 

steering  assist  fluid  motor  or  similar  device  through  a 
flow  control  valve,  not  shown,  in  the  bore  24  in  the  pump 
housing.  The  flow  control  valve  maintains  a  substan- 
tially  constant  rate  of  fluid  flow  from  the  vane  pump  by 

5  recirculating  a  fraction  of  the  fluid  expelled  from  the 
pump  chambers  93  back  to  the  annular  chamber  36 
around  the  rotating  group  through  the  internal  passage 
26  in  the  pump  housing. 
[0020]  The  fluid  in  the  discharge  chamber  induces  a 

10  net  pressure  force  on  the  pressure  plate  44  represented 
by  a  schematic  force  vector  F-|  ,  Figure  1  ,  which  reacts 
evenly  across  the  exposed  area  of  the  pressure  plate. 
The  net  pressure  force  represented  by  the  schematic 
vector  Fi  thrusts  the  rotating  group  against  the  flat  bot- 

15  torn  1  8  of  the  counterbore  20  for  enhanced  suppression 
of  fluid  leakage  from  between  the  planar  side  of  the 
thrust  plate  and  the  end  58  of  the  cam  ring  and  between 
the  planar  side  of  the  pressure  plate  and  the  end  62  of 
the  cam  ring. 

20  [0021]  At  the  same  time,  fluid  at  the  discharge  pres- 
sure  of  the  pump  is  conducted  or  ported  to  the  annular 
first  balance  chamber  116  through  the  passage  120  in 
the  pressure  plate  and  from  the  first  balance  chamber 
into  the  second  balance  chamber  1  1  8  through  the  vane 

25  slots  86  under  of  the  flat  vanes  88.  The  fluid  pressure 
under  the  flat  vanes  thrusts  the  outboard  lateral  edges 
90  of  the  vanes  against  the  oval-shaped  wall  52  of  the 
cam  ring  to  suppress  fluid  leakage  from  the  pump 
chambers  93  between  the  vanes  and  the  oval-shaped 

30  wall. 
[0022]  The  fluid  pressure  in  the  first  balance  chamber 
1  16  induces  a  net  pressure  force  on  the  pressure  plate 
represented  by  a  schematic  force  vector  F2,  opposite  to 
the  net  pressure  force  represented  by  the  schematic 

35  vector  Fi  .  The  fraction  of  the  net  pressure  force  repre- 
sented  by  the  schematic  vector  Fi  reacting  on  the  pres- 
sure  plate  within  the  silhouette  of  the  oval-shaped  rotor 
chamber  66  is  effectively  offset  or  balanced  by  the  net 
pressure  force  represented  by  the  schematic  vector  F2 

40  because  the  reaction  portion  of  the  planar  end  wall  82A 
of  the  rotor  constitutes  a  substantial  fraction  of  the  area 
of  the  silhouette  of  the  rotor  chamber  66.  Accordingly, 
the  flexure  of  the  pressure  plate  44  into  the  rotor  cham- 
ber  characteristic  of  the  prior  vane  pumps  referred  to 

45  above  is  substantially  reduced  so  that  the  clearance 
dimension  D1  is  smaller  than  corresponding  clearance 
dimensions  in  such  prior  vane  pumps  for  improved  volu- 
metric  efficiency. 
[0023]  The  fluid  pressure  in  the  first  balance  chamber 

so  116  also  reacts  against  the  reaction  portion  of  the  pla- 
nar  end  wall  82A  of  the  rotor  and  thrusts  the  rotor 
toward  thrust  plate.  Concurrently,  however,  the  same 
fluid  pressure  in  the  annular  second  balance  chamber 
1  18  reacts  against  the  reaction  portion  of  the  opposite 

55  end  wall  82B  of  the  rotor  and  thrusts  the  rotor  toward  the 
pressure  plate.  Because  the  reaction  portions  of  the 
planar  first  and  second  end  walls  of  the  rotor  are  equal, 
the  net  pressure  force  on  the  rotor  attributable  to  fluid  in 

4 
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the  annular  first  balance  chamber  equals  the  net  pres- 
sure  force  on  the  rotor  attributable  to  fluid  in  the  annular 
second  balance  chamber.  Accordingly,  the  rotor  is  sus- 
pended  longitudinally  in  static  equilibrium  between  the 
planar  sides  of  the  pressure  plate  and  the  thrust  plate 
with  the  substantially  equal  clearance  dimensions  D-,  D2 
minimizing  both  sliding  friction  and  fluid  leakage 
between  the  rotor  and  the  flat  vanes  thereon  and  the 
planar  sides  of  the  thrust  plate  and  the  pressure  plate. 

Claims 

1.  In  a  vane  pump  (10)  including 

a  reaction  portion  of  said  first  planar  end  wall 
(82A)  of  said  rotor  constituting  at  least  30%  of 
the  area  of  said  first  planar  end  wall  (82)  and  to 
said  planar  side  (60)  of  said  pressure  plate 

s  (44), 

a  second  chamber-forming  means  (114,56) 
operative  to  define  a  second  longitudinal  bal- 
ance  chamber  (118)  exposed  to  said  planar 

10  side  of  said  thrust  plate  (42)  and  to  a  reaction 
portion  of  said  second  planar  end  wall  (82B)  of 
said  rotor  equal  to  said  reaction  portion  of  said 
first  planar  end  wall  (82A)  of  said  rotor, 

a  housing  (12),  15 

a  discharge  pressure  chamber  (70)  in  said 
housing  (12)  having  a  fluid  therein  at  a  dis- 
charge  pressure  of  said  vane  pump(10), 

20 
a  rotating  group  (32)  including  a  thrust  plate 
(42)  seated  on  said  housing  (12)  and  a  pres- 
sure  plate  (44)  exposed  to  said  discharge 
chamber  (70)  and  a  cam  ring  (46)  clamped 
between  said  pressure  plate  (44)  and  said  25 
thrust  plate  (42)  by  a  fluid  pressure  force  on 
said  pressure  plate  attributable  to  said  fluid  in 
said  discharge  chamber  (70), 

an  oval-shaped  wall  (52)  on  said  cam  ring  (46)  30 
cooperating  with  a  planar  side  (56)  of  said 
pressure  plate  (44)  and  with  a  planar  side  (56) 
of  said  thrust  plate  (42)  in  defining  a  rotor 
chamber  (66)  in  said  rotating  group(32), 

35 
a  rotor  (78)  supported  in  said  rotor  chamber 
(66)  for  rotation  about  a  longitudinal  centerline 
(50)  of  said  vane  pump  (1  0)  perpendicular  to 
said  planar  side  (56,60)  of  said  thrust  plate  (42) 
and  to  said  planar  side  (56,60)  of  said  pressure  40 
plate  (44), 

a  plurality  of  radial  vane  slots  (86)  in  said  rotor 
each  intersecting  a  first  planar  end  wall  (82)  of 
said  rotor  facing  said  planar  side  (56,60)  of  said  45 
pressure  plate  (441)  and  a  second  planar  end 
wall  of  said  rotor  facing  said  planar  side  (56,60) 
of  said  thrust  plate  (44)  and  an  outer  cylindrical 
surface  (38)  of  said  rotor  facing  said  oval- 
shaped  wall  (52)  on  said  cam  ring  (46),  and  so 

a  plurality  of  flat  vanes  (88)  slidable  in  said 
respective  ones  of  said  vane  slots  (86),  the 
improvement  comprising: 

55 
a  first  chamber-forming  means 
(106,108,112,160)  operative  to  define  a  first 
longitudinal  balance  chamber  (1  16)  exposed  to 

a  first  port  means  (1  20)  operative  to  port  fluid  at 
said  discharge  pressure  of  said  vane  pump 
(10)  to  said  first  balance  chamber  (116) 
thereby  to  balance  a  fraction  of  said  pressure 
force  on  said  pressure  plate  attributable  to  said 
fluid  in  said  discharge  chamber,  and 

a  second  port  means  (86,88)  operative  to  port 
fluid  at  said  discharge  pressure  of  said  vane 
pump  to  said  second  balance  chamber  (118) 
thereby  to  maintain  said  rotor  in  static  equilib- 
rium  in  the  direction  of  said  longitudinal  center- 
line  of  said  vane  pump. 

2.  The  vane  pump  recited  in  claim  1  wherein  said  first 
chamber-forming  means  comprises: 

an  annular  groove  (106)  in  said  first  planar  end 
wall  (82A)  of  said  rotor  (78)  intersecting  each  of 
said  radial  vane  slots  (86)  and  separated  from 
said  cylindrical  outer  surface  (80)  of  said  rotor 
by  an  annular  outer  land  (108)  interrupted  by 
each  of  said  radial  vane  slots  and  from  a  bore 
(76)  in  the  middle  of  said  rotor  by  an  annular 
inner  land  (112)  radially  inboard  of  each  of  said 
radial  vane  slots. 

3.  The  vane  pump  recited  in  claim  2  wherein  said  sec- 
ond  chamber-forming  means  comprises: 

an  annular  groove  (1  1  4)  in  said  second  planar 
end  wall  (82B)  of  said  rotor  (78)  intersecting 
each  of  said  radial  vane  slots  (86)  and  sepa- 
rated  from  said  cylindrical  outer  surface  (80)  of 
said  rotor  by  an  annular  outer  land  interrupted 
by  each  of  said  radial  vane  slots  and  from  said 
bore  (76)  in  the  middle  of  said  rotor  by  an  annu- 
lar  inner  land  radially  inboard  of  each  of  said 
radial  vane  slots. 

4.  The  vane  pump  recited  in  claim  3  wherein  said  first 
port  means  operative  to  port  fluid  at  said  discharge 
pressure  of  said  vane  pump  to  said  first  balance 
chamber  comprises: 

5 
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a  passage  (120)  in  said  pressure  plate  (44) 
exposed  at  a  first  end  to  said  discharge  cham- 
ber  of  said  vane  pump  and  at  a  second  end  to 
said  first  balance  chamber  (116). 

5 
5.  The  vane  pump  recited  in  claim  4  wherein  said  sec- 

ond  port  means  operative  to  port  fluid  at  said  dis- 
charge  pressure  of  said  vane  pump  to  said  second 
balance  chamber  comprises: 

10 
a  plurality  of  under-vane  passages  in  said  rotor 
defined  between  said  plurality  of  vanes  (88) 
and  an  inboard  end  of  corresponding  ones  of 
said  plurality  of  vane  slots  (86)  in  said  rotor 
each  exposed  at  a  first  end  thereof  to  said  first  is 
balance  chamber  (1  1  6)  and  at  a  second  end 
thereof  to  said  second  balance  chamber  (118). 
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